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Acost-effectivenessstudy ofthequadrivalentHPV6/11/16/18vaccinationinatwo-dose
schemeingirlsof9-11 yearsoldcomparedtobivalent HPV16/18 vaccination inEcuadorand

challengesforpublichealth andscreening

ABSTRACT

Aims: Assesstheincrementalcost-effectivenessofthequadrivalentHPV6/11/16/18 vaccinationas
administeredin a two-dosescheme togirls between9 and 11 years old,as compared
tothebivalentHPV16/18vaccinationadministeredin Ecuador,and toestimatethe cost-
savingofpreventingGWwhile preventingcervical cancer withbothvaccines.
Studydesign:Apreviously developed transmissiondynamic mathematicalmodel

old females.Themodel assumed coverage 0f90% fortwodoses ofHPV6/11/16/18vaccine at
internationalprice ratesversus HPV16/18vaccine and costsforgenitalwartstreatmentwere used
fromprevious research (Roldos&Bustamante2014).Othersimulationparameters
include:countrysocio-demographic variables,sexual behavior and screening parameters

among Ecuadoriangirls.

Results:Overa 100-year period,HPV6/11/16/18vaccinationwould resultin reductionsofHPV
6/11-relateddisease incidence atthepopulationlevel as follows:genitalwartsin females
(81.3%),genitalwartsin males (78.9%)and HPV6/11-relatedCIN1(79.7%).Theseresults would
translateintoa reductionofHPV6/11-relateddisease costofbetween52% t056% for
genitalwartsamong females,genitalwartsamong males,and HPV6/11-relatedCIN1.Under
themodel assumptions,theestimatednetcostofvaccinationwiththeHPV6/11/16/18vaccine froma
public healthperspectivewould be close to-USD$256million.Adjustedtothenet
presentvalue,thiscost-savingrepresentsUSD$180,735,849.09witha presentvalue interest
factorof0.9512.

Conclusions: InEcuador,routinevaccinationof9-11yearoldfemaleswithaquadrivalent
HPV6/11/16/18vaccineiscost-savingcomparedtoabivalentHPV  16/18vaccine,which suggestsa

significantpublic healthand economic impact.
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1. INTRODUCTION

FhehHuman papillomavirus (HPV)infectionis themostcommon sexually transmitteddisease (STD)in theworld.The
WorldHealthOrganization(WHO)estimatesthatevery year 448 million new cases are detectedworldwide,Mwhile other
sources estimatethata sexually activeperson will acquire atleastone HPVinfectionduring his or her lifetimeand-with the
highesttransmissionratesoccurring fromfemalestotheirmale partners.®MostHPVinfectionsare symptomless;
however,atleast13 oftheknown 100 subtypesmay cause cancers ofthevulva,penis and oropharynx.®4 Persistent
HPVinfectioncan also progress tocause genitalwarts(GW).GWfrequentlyoccur in thevulva and theperianal regions, and
close t090% ofsuch cases are relatedtoHPVsubtypes6 and 11.(135

HPVinfectionand itshealthconsequences can be preventedwithvaccination.HPVsubtypes16 and 18 accountfor
approximately70% ofcervical cancers,while subtypes6 and 11 are responsible forapproximately90% ofGW.¢"The
quadrivalentHPVvaccine protectsagainstHPVtypes6,11,16,and 18,and ithas been licensed in theUnitedStatesfor use on
femalessince June 2006 and on males since 2009.®Bivalentvaccinationprotectsonly againsttypes16 and 18.

and women."”OnOctober19,2016,theAdvisoryCommitteeon ImmunizationPractices(ACIPc)approved a
recommendationfortheHPVvaccine tobe administeredon a 2-dose schedule forboys and girls initiatingHPV
vaccinationseries at9 to14 years (0,6-12months);a 3-dose schedule forpersons initiatingHPVvaccinationseries atolder

ages;and a 3-dose schedule forimmunocompromised persons.

Asof2015,thereare 80 nationalHPVvaccinationprograms and 37 pilotprograms worldwide,fundedby Vaccine
Alliance,thePanAmericanHealthOrganization(PAHO)and others.®Theseprograms have used differentstrategiesto reach
thetargetedpopulation,including school-based efforts,clinic-centeredplans,and communityprograms.
School-basedprograms have proven tobe themostsuccessful,while thosebased in clinics have experienced challenges
withdissemination.®

Officialestimatesoftheincidence ofHPVinfectionsare inconsistentin Ecuador.T h e MinistryofHealth’s(MOH )estimates

suggest;cervical cancer as thesecond mostcommon cancer among women withapproximately1200 new cases every year

and close t0300 deathsper year associatedwiththisdiagnosis,withan incidence of15,8cases per 100,000people in 2012_;("":

incidence of28.3cases per 100,000for2012.("9
HPVas a sexually transmitteddisease is also misclassifiedin officialregistries.MOHestimates9,830STDcases occurring

between2007-2010;however,theirepidemiological surveillance systemdoes notdifferentiateall typesofSTDs.
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(4 Ninety-fivepercentofSTDcases in Ecuadorare classifiedas "other,"theremaining 5% appropriatelyclassifiedas
gonorrhea,syphilis,HIV,or herpes.Furthermore,very fewstudiesexiston theprevalentee HPVsubtypes.Forexample, an
MOHSstudythat explored HPVsubtypesin a convenientsample of555 women suggestedthat6% ofthewomen had an HPV
infectionin theirlifetime,12% had subtype6;close t09% had subtype18;and 6% each had subtypes58 and 59.('" Ecuador'sin

2012, Ecuador'sMOHIlaunched in-2042-a nationalstrategytopreventcervical and vaginal cancer throughan Extended

betweentheages of9 and 11.(®Thesevaccines were administeredin public schools and were offeredin public clinics
topeople who soughtthevaccine.Privately,thevaccines are available topeople willing topay out-of-pocket.The MOH’sgoals
were toreach-by-2014achieve atleastd5% coverage ofthesecond dose in girls thatinitiatedthevaccinationscheme_in 2014,

and by 2015 achievereacha coverage 0f95% and above witha thirddose'V.ResultsoftheimplementationExtended

Immunization Programare unknown.The NationalPublicHealthStrategyoftechnicaland operationalguidelines

tointroduceHPVvaccinationdoes notinclude
long-termstrategiesor programs thatspecificallyaddress HPVor itsconsequences withregard tomorbidity,such as GW.
2.METHODOLOGY

Thisstudyassesses thecost-effectivenessofa quadrivalentHPV6/11/16/18vaccinationprogram in a two-dose
scheme in girls of9-11 years old compared tothesame vaccinationschedule ofan HPV16/18vaccinationprogram in
Ecuadorand estimatestheadditionalcostsavings frominterruptingthespread ofgenitalwartswhile preventingcervical
cancer withbothvaccines.

Weadapteda previously developed transmissiondynamic mathematicalmodel forHPVvaccinationdeveloped by
Elbasha2008 (18 ') Thisis a nonlinear,deterministic,age structured,mathematicalmodel ofthetransmissiondynamics of
HPVand disease occurrence in a USpopulationstratifiedsimulationthatincluded gender,age,sexual activity
frequency,GroupofHPVtypes(16/18=1,6/11=2 joint=12),Stageofcervical intraepithelialneoplasia (CIN)or cancer, Cervical
screening category(never =1,routine=2),as well as demographic,behavioral,biological model parameters Elbasha’smodel
assessed boththeepidemiologic consequences and costeffectivenessofalternativevaccination strategiesin a
settingoforganized cervical cancer screening in theUnitedStates."”

Thisstudycompared routineHPVvaccinationofEcuadoriangirls betweenages 9 and 11 within a baseline coverage
0f90% ofall Ecuadoriangirls fortwodoses.Themodel’'s assumptionsare thefollowing:

* Vaccinedose cost:

o USD$11/doseforQuadrivalentvaccine o

USD$8.50/doseforBivalentvaccine
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+  GWtreatmentcosts:USD$395 per episode (Assumedequal forfemalesand males)\'® Sensitivityanalysis:

25% and 50% lower GWtreatmentcosts(USD$296 and USD$198,respectively)

Otherinputdataincluded demographic,behavioral,epidemiological,and screening parameters,as well as direct
treatmentcostsofHPV-relatedmorbiditiesatmarketbased prices.Due tothelack ofEcuadorianspecificdata,we used

datafromPeruand Colombia as a proxy forEcuador.

3.RESULTS

Resultsfromthissimulationsuggestthatin a 100-year period witha90% coverage ofthequadrivalent
vaccinationwould resultin reductionsofsubtypesHPV6 and 11 -relateddiseases such asgenitalwartsin femalesin
81.3%and of78.9%formales,and 79.7%forHPV6/11-relatedCIN1among females. Theseoutcomeswould translate intoa

reductionofHPV6/11-relatedcostsforGWamong females_and ;G\Wameng-males,and HPV6/11-relatedCIN1atrates

0f56%,51.8%,and 51.7%,respectively,over the100-year period.

Figure 1: The Estimated HRPV 6/11 Infection prevalence among Females over 100
years related to HPV
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Theincrementalcumulativequality-adjustedlifeyears (QALYs)gained per 100,000by HPV6/11/16/18-relateddisease
over 100 years would be 241.44forthequadrivalentvaccinationprogram when compared withan HPV16/18vaccination

program.

Table1: Costeffectivenessanalysisbivalentversusquadrivalentvaccinationprograms
(Cost/QALYs)

Cost/Person QALYs/Person Costs/QALYs(USD/Year***)
(USD*) (Year*)
Bivalentvaccination $68.92 27.12349 StronglyDominated
Program
Quadrivalent $57.05 27.12590
VaccinationProgram

*Costsroundedto0.01
**QALYsroundedto0.01
***Costs/QALYroundedto1
Under themodel assumption,over a 100-year period,thehealthcare (HC) costsavertedby theintroductionofthe

quadrivalentvaccinationprogram would exceed theactualcostoftheuptakethevaccine.;Tthequadrivalentvaccination

program would resultin cost-savingofUSD$256 million over a100 years adjustedto2016 dollars.

Table2: CostSavingComparisonofBivalentVaccinationProgramversustheQuadrivalent
HPVVaccinationProgram

EstimatedCostofVaccination(Vaccine+Administration) 15,496,352USD*
EstimatedHPV6/11/16/18Disease CostAvoided 271,947,526USD*
EstimatedNetCostofQuadrivalentHPVVaccinationProgram - 256,451,173USD*

Table3: Cost-effectivenessanalysisofHPVVaccinationStrategies— Ecuador

Scenario Cost/ QALYs/ Cost/ QALYs Cost/QALYs

person person person person (USD/year)$

(USD)* (year)x (USD)* (year)x
EcuadorGW$395 76.33 27,12349 -- -- stronglydominated
2VHPV$850
EcuadorGW$395
4v HPV$11 60.08 27,12590 (16.26) 0.00241

* Cost rounded to 0.01
+QALYsrounded to 0.00001
§ Cost/QALYrounded to 1
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Sensitivityanalysis demonstratedthatthequadrivalentvaccinationprogram remained cost-savingat25% and
50% lower GWtreatmentcosts(USD$296 and USD$198,respectively). Theestimatedvaccination savings ofvaccinationat25%

lower GWtreatmentcostwas USD$190 million,while at50% lower GWtreatmentcostitwas USD$124 million.

4.DISCUSSION

InEcuador,routinevaccinationoffemalesfromage 9 to11 witha quadrivalentvaccine (HPV6/11/16/18)would resultin j_ - W Comment [NNR6]: Why not use 4vHPV
consistenty?
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Thegovernment'sannual budgethas increased systematicallysince 2008,from$10.358million to$36.317million in consistentvyl

2015, theughthenitdecreased 13% in 2016 t0$29.835million.(®Thehealthbudget,by comparison,was approximately
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ofcervical cancer and 210 deathsdue tocervical cancer averteddue totheintroductionofthebivalentvaccine program. (')
Theseestimatesmay notinclude thepreventionofmorbiditiesassociatedby HPV.Astudyby a neighboring country,
Colombia,suggestedan incrementalcosteffectivenessratio(ICER)ofUS$2.957per DAL Yavertedwiththequadrivalent-
vaecinedvHPV compared tothebivalent2vHPV.?TheresultsofthisstudysuggestthattheEcuadorianeconomy can reduce its
financialburden by an estimated$256 million over 100 years forthe GWpreventionefG\,simply by choosing the
quadrivalentdvHPV over thebivalentvaeeine2vHPV.Thesesavings can have a positiveimpacton theEcuador'spublic

healthsystem as well as theeconomy atlarge,assuming thesame level ofmacroeconomic investmentin thehealthsector.

Themonitoringofhuman papillomavirus (HPV)vaccinationcoverage is imperativetoevaluatethepotential
impactofHPVvaccines on HPV-relateddiseases.Sincethevaccine was approved foruse in 2006,HPVvaccines have been
progressively introducedin many developing countries,mainly targetingyoung adolescentgirls aged 10—-14 years.
@Bestpracticesofeffectivenesssuggestthatvaccinationcoverage ata 70% thresholdin women is themost
cost-effective.? Ameta-analysisshowed thata vaccinationcoverage ofatleast50% delivered a 68% reductionin HPV
types16 and 18 and a 61% reductionin anogenitalwartsbetweenthepre-vaccinationand post-vaccinationperiods.®?®
Theresultsfromthesimulationmodel assumed 90% coverage withan increase 0f27.123QALYsforEcuadorwhen the

quadrivalentvaccine is applied.Someevidence suggeststhatat70% coverage,a herd protectionreductionin prevalence



can be observed in HPVtypes16 and 18 among non-vaccinatedwomen @' 29 Furthermore,otherstudiessuggesta
possible decrease in theincidence ofGWin women younger than35 and in men fromages 12 to29,based on the

introductionofan HPVvaccinationprogram in Denmark thatindicatedsubstantialherd protection®®,

Incountrieslike Ecuador,protectionofthenon-vaccinatedpopulationfrominfectionfromHPVtypes6,11,16 or
18 is equally importantas vaccinationprograms given thechallenges ofimplementingconsistentvaccinationprograms
nationwideover time,threatstotheMOHbudgets,stigmaassociatedwithSTDprevention,and theabsence of

vaccinationprograms targetingyoung men.Evidencegatheredfromprogram implementationsin Australiashowed that

fouryears afterintroducingthequadrivalentHPVvaccine thecountryexperienced & substantialdecrease in _ -~ - -| Comment [NNR10]: Quantify what

“substantial” means? 87%?

vaccine-targetedgenotypesand a dramaticreductionin GWin young women as well as young men ?.Inorder to monitor
vaccinatedand non-vaccinatedpopulationsand HPVinfectionsin bothearly and recurrentcases,the epidemiological
surveillance systemofEcuador'sMOHmusttracktheoccurrence ofsexually transmitteddiseases appropriatelyand
createpolicies tosecure thenecessary resources tocombatit,along withthehuman capitalrequired to
maintainthoseresources.
4.1RecommendationsforEcuador

Incountriessuch as Ecuador,where HPVvaccine was introducedonly recently,screening programs need to be
developed or strengthened.Vaccinationis a primary preventionstrategyand does notreplace cervical cancer
screenings.Bestpracticesforthepreventionofcervical cancer include working withwomen across thecourse oftheir lives
witha multidisciplinarysetofprograms and services thatinclude educationprograms,pap testsin primary care, and civil
societyorganizationsthatprovide complementaryservices and palliativecare.Ecuadormay achieve these goals
iftheModel forComprehensive Family,Communityand InterculturalHealth(MAIS)developed in thelastdecade is
implementedappropriately.MAISis based on thebeliefthata psychosocial,multidisciplinaryand intercultural approach will
respond more effectivelytotheneeds ofindividuals,familiesand communities,toultimatelyimprove qualityoflifeby reducing
morbidityand mortality.Servicesforscreening are particularlyimportanttoEcuador’s healthcaresystemgiven theunique
characteristicsofthecountry'spopulationand theirrisk toHPV-relateddiseases. More than50% ofEcuador’spopulationis 24
years old and under.Thirtypercentis 15 years old or younger.?”) However,MAIS’healthpromotionprograms are
deficientin addressing therisk ofHPV-relateddiseases and itfailsto record theresultsoftheirscreening and

vaccinationprograms.

AlthoughtheMOHhas a legal mandatetoserve thepopulationwithpreventiveprograms and screening

services,civil societyorganizations(CSOs)and otherlevels ofgovernmentalso have a role.Worldwide,CSOsand



nonprofitorganizationshave focusedon preventiveinterventionsforboys and girls and addressing safesexual
practicesand theuse ofcondoms;delaying thestartofsexual activity;and distillingthemythsand stigmaassociated
withmale circumcision.Nonprofitsare in a unique positiontoaddress issues ofsex educationand toportraythe
diversityofopinions and positions.Ecuador'sMOHstancetowardsex educationhas been inconsistentover thelast
fiveyears,attimespromotingtheuse ofcondoms,sexual freedom,and reproductiverights,while atothertimes condemning
sex among adolescents.®ltis clear thatCSOsand nonprofitscan only offercomplementaryservices, and
thattheMOH’sleadership and resources are necessary toprotectthepopulationfrominfectiousdiseases,such as
HPV.Tothisdate,delivery using thepublic networkschools are irregular.AccordingtotheMinistryofEducation,
thepotentialnumber ofeducationcircuitdistrictsis of1,117unitsdivided in 140 circuitsand 9 zonal coordination offices.?®
Using theschool healthsystemstocarry outvaccinationswithina school environmentis known overwhelmingly improve
theuptakeofvaccinationprograms.®®3YInmostcases,successfuluptakesofvaccination programs include a
vestedinvolvementofschool nurses and educatorstogatherconsents,speak toparentsand ensure thetwoor threedoses
are applied.Forexample,in Uganda,theresultsoftheHPVvaccinationprojectheld in

2008 - 2009 showed a high uptakeof99.6%ofthegirls targeted,and 87.8%completedall 3 doses;while in 2009
93.2%ofgirls received theirfirstdose,and 86.3%completedall 3 doses.®? Ecuadorwould benefitfromexpleitingthe-
potentialalliance-withalliances betweentheMinistryofEducationand the MOH toimprove thecurrentHPVuptakeand
ofinformationaboutthe vaccine,provide funding,and regulateprivateinsurance coverage and by combining
strategiesbetweenMinistriesand require vaccinationforschool entryreach the95% coverage goal. Todo

so,theEcuadoriangovernmentshould introducepolicies designed toincrease the4vHPVavailability.



5.CoNcLusioN

TheburdenandcostofHPV-associated diseaseandcancerremainanimportantpublichealthproblemin
Ecuador.Withafemalepopulationofchildbearingage  remaining  highly  susceptibletocontractingSTDs—andspecifically
todevelopinga pathologyofgenitalwartHPV,thecosttosocietyofthisdisease is particularlyhigh.Reducing theburden ofHPV-
associatedcanceranddisease,includingGW,throughvaccinationrequires an integratedapproach thatincludes
clinicalmedicineandpublichealthpoliciesthatareimplementedeffectivelyand  given thenecessary resources toensure
theirsuccess.Theaforementioned
analysiseutlinedinthismanuseriptsuggeststhataquadrivalentHPVvaccinationprogramwouldbe cost-

savingwithinthecontextoftheEcuadorhealthcare system.
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